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Welcome!
Start jotting down on sticky notes:

What are you worried about re:

DER interconnection?
(one thought per sticky)




Workshop Team

Facilitators
A Danielle Sass ByrneggftNARUC
A Michael Ingram, David Naragg\REL

Guest Speakers
A Ravi SubramaniamIEEE
A Kerry Worthingtorg BCS for DOE EERE

Youl!

A Name, organization, <5 words on your exposure to DER
Interconnection issues to date
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Logistics & Safety

A Restrooms
A Emergency procedures
A Please initial the sign in sheet

NNNNN



Workshop Goals

1.

Increase awareness of existing materials & support to help
state PUCs move forward on DER interconnection activities

Help members make connections to colleagues with similar
challenges (and solutions!)

Support development of future interconnection
Improvement cohorts (technical assistance)

NARUC & NREL thank the U.S. DOE Energy Efficiency & Renewable
Energy Office and National Institute of Standards and Technology for
their support of this workshop.




ASYRI FT2NJ ¢2RI & Qa

8:30am  Welcome & Levebetting Journaling & Sharing
0 Introductions 0 What are you worried about
0 Objectives & agenda review re: DER interconnection?
9:10am  Existing Resources & Support Walk-Through with Participant

0 When & how to approach updatirgjds Questions
0 Handson with NREdeveloped guides  Myth busting

e

0 |EEE resources
10:25am Break

10:45am Interconnection Challenges & Needs Brainstorm & Prioritize
O 5h9Qa& ySé Lu- AYAUlRADbB G N@S requiring assistance
0 Identify needs for technical assistance 0 Activities that can be helpful

11:45am Resources & Next Steps Update Your Calendars
0 Available & forthcoming support

12:00pm Adjourn



~20 mins

Please jot down on sticky notes:
What are you worried about re:
DER interconnection?
(one thought per sticky)

Process / Policy Challenge

Technical Challenges

Other
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i iNREL

Transforming ENERGY

Interconnection Workshop

Michael Ingram and David Narang
NREL Power Systems Engineering Center

NARUC Interconnection Workshop
July 17, 2022

~20 mins
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Context for DER Integration and
Interconnection Landscape

~10 mins



2020 PV Installed Capacity and Forecast

PV Capacity as % of Total Generation Capacity (2020)

@ <A, 27%

25% CA
CT
DC

@ UT, 16%
1% @ NI, 14% KY
@ DC, 11% MN

MO
@ CT, 6% @ MN, 6% @ VA, 6%
@ TX, 4% NJ

@ Wi, 2%

@ mo,1% @ OH, 1% OH
X

data sources: Wood Mackenzie/Solar Energy Industries Association US Solar uT
Market Insight 2021 Year in review full report and U.S. Energy Information VA
Administrationhttps://www.eia.gov/electricity/data.php#summary

WI

20%

10%

5%

@ AR, 2%
0% @ KY, 0%

*Qriginal data given iMWdc¢ converted to AC using 15% derate

22,531
662
93
45
1,181
229
2,688
377
5,839
1,660
1,733
332

1.7%

27.1%
5.9%
10.7%
0.2%
6.0%
1.0%
14.1%
1.3%
4.2%
16.5%
5.8%
1.8%

State 2020 PV Capacity PV Capacity | 2032 Forecast
(MWag)* as % of Total | (MWao*

2,667

56,244
2,669
580
2,522
6,150
2,442
6,949
11,626
44,174
4,226
14,599
6,971
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https://www.eia.gov/electricity/data.php#summary

Group Activity _
1: Where would you place yourself right now?

2. When do expect to reach the top right?

high DER
deployment
low DER
deployment
just beginning to robust customer customer adoption
see customer adoption at expected or past

adoption peak
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State Activity on IEEE Std 154718

No activity
e MN — “Commission Notice”
nquiry or *
open docket WA June 1, 2022
= * Exception for
Completed order, not DER < 100 kw':
October 1, 2022

yet enforced
(general reference)
OR

Completed order, not yet
enforced ID
(detailed reference)

- In force date

NV
Completed order,
adoption deferred into uT
future Q
CA — “Com. Notice”
{June 2022?)
AZ OK
- NM
NM — Dec 31, 2022 - “Commission Notice”
AK = LA Adoption dates refer to official
state dockets or websites
.. - FL hyperlinked in bold underline font
g 1 Under review due to delayed

al] availability of UL 1741 SB
certified inverters
2 Early adoption allowed but not
required

3 Reference to “latest” IEEE

© EPRI May 2022 _
sourcehttps://sagroups.ieee.org/scc21/standards/1547rev/ 1547



https://sagroups.ieee.org/scc21/standards/1547rev/

Considerations for Developing Interconnection
Rules Within a Broader DER Integration Frameworl

~20 mins



LiNREL

A Guide to Updating Interconnection

Rules and Incorporating IEEE Standard
1547

Michael Ingram, Akanksha Bhat, and David Narang

National Renewable Energy Laboratory

www.nrel.gov/grid/ieeestandard1547/quideto-updatinginterconnectionrules.html
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http://www.nrel.gov/grid/ieee-standard-1547/guide-to-updating-interconnection-rules.html

Recommended Approach to DER Interconnection Rule Update

1. (Preplanning)
Determining the context,
stakeholders, and major
drivers

mnternal motivations \
(e.g., reason for regulatory action,

technical, market, policy)

A Broader context
(e.g., distribution system planning)

A Stakeholders and roles
(key decision makers)

A Structure of the interconnection

processe.g., performance indicators,
data collection, process map, and analysig)

A Procedural timeline

A Related/relevant procedurey

NREL |16



Develop an Internal Vision Aligned with Broader Conte

éurrent Power System\

DER interconnection must be 4 Future Power Systems\
considered within the broader 4 ; v

context of DER integration which \‘,‘i B8 R0 %,
includes national energy policy A . sl \*@ /@6

goals, market trends, technical o TN meﬁﬁ“‘,.. Segpt
requirements and stakeholder w.n;f:;@ g?“. 8

Acarbon intensive
ALarge generation
Acentral control

AHighly regulated.

Ultra High 5 Monitor

Efficiency R \‘\_:\ 7 Energy Use

ildin \ 4 IR
- @™y

Plug-in
Energy Car .’ﬁ
Storage ﬂ ndustry

viewpoints and other efforts
such as grid modernization.

Our evolving power system context:

ANew energy technologies and services /DRNERS \
Alncreasing penetrations of variable renewables on the grid Alncreas_eq variable generation
ANew communications and controls (e.g., smart grids) Al'\é'\‘l)éle bidirectional flow at distribution
AElectrification of transportation L B er of smart/active
Alntegrating distributed energy storage devices

AA modern grid needs increased system flexibility. k’Z\EVOIV'ng e nslienvironment. /

AUpdated standardsd e.g., IEEE Std 1547-2018, IEEE Std 2800
(distributed energy resources [DERS] as grid assets). NREL |17

Slide courtesy of Dr. Ben Kroposki, NREL



reactive power support

clearly defined PRIOR to
developing technical
Interconnection aspects.

momentary cessation
synchronization

o

Technical aspects of DER ride -through g AGIR %
Interconnection regulations : - =

| . Interoperabilit =

are directly linked to the P y ROCOF 2 =.

. 1 ) m

intended use of DER power quality o tormance categories =

capabilities. Therefore, thel area EPS faults 2

intended use should be LVRT T

@)

o

@

o

wm

a)sodwod

constant power factor

Intentional islanding
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Coordinate Requirements With Policy and DER Deploy

Regulators may not set policy but should inform it

Regulators should consider
developing technical interconnectio
requirements in coordination with a
aLiR2t A0e
to DER deployment maturity levels
(needs early and continued
coordination with the other entities
responsible for policy setting and
market development)

References:

201 Ol Ay IE

Market
Saturation

Barrier Addressed

Technology first co
Investment unce

enewable Portfolio
Investor uncertainty, k
existing markets, pi
understanding.

, Net Metering
Institutional barrie
market access

Prparation

Example generalized policy stack for DER
Image sourceKraskoand Doris, 2012

Strategic Sequencing for State Distributed PV Policies: A Quantitative Analysis of Policy Impacts and Interadfiaskosidl. E. Doris, 2012

http://www.osti.qov/servlets/vpurI/1054826/
Gt 2t A0@ .dzAf RAYy3 . t2014ay |1 StLAyYy3
https://www.nrel.gov/docs/fy120sti/54801.pdf

t2tA08YF1SNB 5SGSNISRYUE t2fA08 {dF3IAy3d F2NJ GKS
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http://www.osti.gov/servlets/purl/1054826/
https://www.nrel.gov/docs/fy12osti/54801.pdf

Consider all Types of DER Desired/Planned/Mariagitated

Different types of DER
will likely require specific
consideration of their
policy stack, market
adoption characteristics,
Intended use, and
technical requirements. onlRKET

- Energy, microgrid, and

resiliency planning HA
- Value streams h
« Regulatory treatment
« Interconnection standards

Example policy stack for microgrids
Image source: Cook, 2018

References:
A a/KSO1T GKS {GFO1Y 'y 9ylFofAy3d CNI Y Sgtipsh e INbvid Skl 9oatiT 1584.pdf A ONR ANRA R& € X /22’11REL§[]]2%9 I



https://www.nrel.gov/docs/fy19osti/71594.pdf

Recommended Approach to DER Interconnection Rule Update

2. Developing the DER
interconnection rule

ﬁBroad goals for technical\

requirements

(e.g., safety, reliability, power
quality, protection, affordability,
markets, regulatory compliance)

A |EEE Std 1543pecific

(e.g., reactive power support, fault
ride-through, interoperability,
intentional islanding, energy storage

A Jurisdiction/utility-specific
(e.g., metering, protection)

A Other coordination required
(e.g., bulk power sys.)

NREL |21



Use of DER Capabilities Evolves over Time

DER interconnection process and
technical issues often overlap and
are not easily segregated, and
regulations must consider and
evaluate issues for both types of
topics.

Transmission
planning

(in regions of high
DER deployment)

Markets &
consumers

Energy polic

& regulations
Distribution

planning

References:

Interconnection rules & procedures

Technical Process
requirements requirements




Rely on the Latest National Standards

Idea for standardizing
something

IEEE Standards Development Lifecycle

Board approval of project

\J

® Project Authorization Request (PAR)

IEEE Standards Association Standards Working Group members

collaborate to develop
consensus on draft
standard content

Sponsor holds
Public balloting on ¢
draft content

* Project Sponsor

A

Revise standard

Archive
(inactive)

(max of 4 years)

IEEE Standards Association

Standards Board approval of —qp»

standards development and
balloting process.

IEEE publishes
standard

Withdraw
standard

Source: based on https://standards.ieee.org/develop/develop-standards/process.html

Maintain the standard (max of 10 years)

—e¢ Publish errata, corrigenda, amendments as needed -t
¢ Publish supplemental materials as needed
(handbooks, tutorials, related materials)

The National Association of Regulatory Utility Commissioners (NARUC)

resolution in February 2020 recommends state commissions act to adopt and

implement the revised standarétps:/pubs.naruc.org/pub/E86EF74B55D0A363138

B1A08D20E52B

Rely on the latest (most ujp-date)
national technical standards.

eg,
A IEEE Std 1542018
A IEEE Std 2862022

Ref: IEEE standards process ovenigtps:/standards.ieee.org/develop/index.html NREL |23



https://standards.ieee.org/develop/index.html
https://pubs.naruc.org/pub/E86EF74B-155D-0A36-3138-B1A08D20E52B

Coordination is Required for Utilization of Certain DER Capabi

Federal States

Closer and earlier coordination is required with

relevant stakeholders for using and applying @ <= %vg
capabilities that affect other functions/across Transmission
jurisdictional boundaries

A power quality
A protection settings

Area EPS
operator

Regulator
(AGIR)

A Testing & certification Application
(beyond 1547 scope)

A Performance categories

7’
A S
N\,
l v v
1 AY N\
A\ 4

A Voltage regulation modes A Grid services
\\ ,/ | A Interoperability R Grid services
F--»  requirements A Data access
Regional i A Communications protocols A Cybersecurity
reliability : A Performance categories A Bulk system reliability
coordinator '===> A Trip settings A Resilience
A Ridethrough A Black start

NREL |24



Recommended Approach to DER Interconnection Rule Update

1. (Preplanning)

stakeholders, and major

drivers
ﬁ Internal motivations \

(e.g., reason for regulatory action,
technical, market, policy)

A Broader context
(e.g., distribution system planning)

A Stakeholders and roles
(key decision makers)
A Structure of the

interconnection processe.g.,
performance indicators, data
collection, process map, and analysis)

A Procedural timeline

Determining the context, Q

2. Developing the DER
interconnection rule

ﬁ Broad goals for technicah

requirements

(e.g., safety, reliability, power
quality, protection, affordability,
markets, regulatory compliance)

A |EEE Std 1543pecific

(e.g., reactive power support, fault
ride-through, interoperability,
intentional islanding, energy storagel

A Jurisdiction/utility-specific
(e.g., metering, protection)

A Other coordination required

A Related/relevant procedures

\(e.g., bulk power sys.) /

3. Maintaining and revising

ﬁTriggers for updates \

A Scope of update

A Maintainability of the rule

A




Suggested Reading for Regulators

Interconnection Rule Update

Setting the Scope of the
Interconnection Rule

Considerations for Technical
Requirements

Considerations for Use of
|IEEE Std. 1542018

https://www.nrel.gov/grid/ieee-standard1547/curriculumaqirs.html
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https://www.nrel.gov/grid/ieee-standard-1547/curriculum-agirs.html

Live walkthrough of existing
educational resources

https://www.nrel.qov/grid/ieee-standard1547/curriculumagirs.html

~30 mins


https://www.nrel.gov/grid/ieee-standard-1547/curriculum-agirs.html

IEEE Stad 1542018 Decision Matrix

Topic/1547 Clause AEPSQ DERJ RRC AGIR

General requirements (Clause 4) Lead

Enabling/utilization of reactive
power and voltage/power control Lead
capabilities (Clause 5)

DER response to area EPS abnori
conditions (Clause 6 & 7) Lead

Islanding
Lead

Enabling/Utilization of
interoperability capabilities (Clause Lead
10)

Test and Verification* Lead

Coord.

Coord.

Coord.

Coord.

Coord.

Lead

Limited
Consult
Consult? Based on policy and market goals?
enabling voltage regulation, specification of
which capabilities, grid services desired?
Consult Coqsglt? Basegl on policy and market goals?
(BPS req) { LISOA TAOI I:J |}|\| 2y 2T 4aNR
Consult? Based on policy and market goals,
stakeholder input, microgrid application and
uses.
Consult? Based on policy and market goals,
SOl stakeholder input, RRC situational requiremel
(BPS req.) put, .

(if noted).

AEPSO (area EPS operator), DERO (DER operator), RRC (regional reliability coordinator),
AGIR (authority governing interconnection requirements, typ. regulator), OEM (equipment manufacturer, e.g., inverter)

*type testing is led by the OEM



Reflections

Myth Busting!
What worries can you let go?
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Highlights of other public education efforts

A EPRI U:
Public (with free EPRI account):
https://www.epri.com/#/epri-u/courseslang=eitJS

A IREC

I Publicationshttps://irecusa.org/blog/tag/ieeel1547/
I Informal inverter manufacturer discussion forum (FIIGI, typ. weekly)

A others?

NREL |30


https://www.epri.com/#/epri-u/courses?lang=en-US
https://irecusa.org/blog/tag/ieee-1547/

IEEE Standards Coordinating Committee 21 (SCC21)

Resources and Outreach

A Public web site on IEEE Std 1547

http://sites.ieee.org/sagroupscc2l1/standards/1547rev/

.

s

s

s

A Informal industry/stakeholder coordination calls
(quarterly)

A Coordination with other IEEE societies, committee

Discount/free copies of the standard for select
stakeholders (e.g., regulators)

Education and training/reading materiapapers,
webinars

GF LILINE GSRé LINBaSyidlarzy _ ozy"um TZNJ e oy

Catalog of ISO/RTO T&D coordination activities State activity map
State activity map (maintained ~ quarterly)
LYDSNIOSNI NRff2dzi GAYSE A O N 2 U °‘“ﬁrfp"iﬂ*°§m“ Y I

Lot 2B ‘ ‘ ‘
301 e
Mkl B -n"

[

& related standards (constant) e

Inverter rollout timeline NREL |31


http://sites.ieee.org/sagroups-scc21/standards/1547rev/

IEEE Std 1542018 Compliant DER Rollout Timell

Source: SCC21, image creditEPRI N REL 32



